Mixed ligand complexes of Mn(II), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) with salicylidene-b-alanine potassium salt (KHL) and bis(m-aminoacetophenone)ethylenediamine (A) have been prepared. The complexes were characterized by various physicochemical methods including elemental analyses, thermogravimetry, magnetic measurements, and infrared and electronic absorption spectroscopy. The antifungal activity of individual ligands, metal nitrates and mixed-ligand complexes with respect to A. niger, F. oxysporum and A. flavus strains were evaluated by the plate poison technique in comparison to the solvent control (DMSO) and reference fungicides (bavistin and emcarb). The antifungal activity of mixed-ligand complexes was higher than that of the solvent, the individual ligands, and the corresponding metal salts, and moderate as compared to the reference fungicides.
Department of Chemistry, Sardar Patel University, Vallabh Vidyanagar 388 120, Gujarat, India absolute alcohol was added to b-alanine (10 mmol, 0.891 g) and the mixture was stirred until complete dissolution of b-alanine in the alkali medium. Then, an ethanol solution of salicylaldehyde (10 mmol, 1.22 g) was quickly added and the reaction was allowed to complete on stirring at 60°C (for 1 h). The product was crystallized by diffusion of excess absolute diethyl ether into the solution. The product was filtered and dried in a vacuum desiccator. Yield, 66 %; m.p., 174°C (Table 1) .
Bis(m-aminoacetophenone)ethylenediamine (A). Ethanol solutions of ethylenediamine (10 mmol, 0.60 g; 100 ml EtOH) and m-aminoacetophenone (20 mmol, 2.70 g; 100 ml EtOH) in the molar ratio 1 : 2 were mixed with constant stirring at room temperature. The mixture was heated with reflux for 8 h at 80°C, cooled, and allowed to stand at room temperature overnight. The product in the form of a fine precipitate was filtered and dried in air; yield, 55%; m.p., 98°C (Table 1) .
Synthesis of mixed-ligand complexes. Mixed-ligand complexes were prepared by mixing an aqueous solution (100 ml) of a metal nitrate (10 mmol) with a hot methanol solution (100 ml) of KHL (10 mmol, 2.31 g) and A (10 mmol, 2.94 g). The mixture was heated on a water bath for 2 h at 60°C, cooled, and allowed to stand at room temperature overnight. Finally, the precipitated crystals were separated by filtration, washed with water and ethanol, and dried in air (Table 1) .
Physicochemical measurements. The metal content in mixed-ligand complexes was determined using the EDTA titration technique [8] after decomposing the organic matter with a mixture of HClO 4 , H 2 SO 4 , and HNO 3 (1 : 1.5 : 2.5). Carbon, hydrogen and nitrogen were determined with a Perkin-Elmer Model 240 elemental analyzer. Thermogravimetric (TG) analysis was performed on a Model 5000/2960 thermoanalytical system (T. A. Instruments, USA). The optical reflectance spectra of mixed-ligand complexes (pelletized with MgO) were recorded in the 1700 -350 nm range on a Beckman DK-2A spectrophotometer. The IR spectra were recorded on a Nicolet 400D Fourier-transform spectrophotometer. The magnetic moments were determined by the Gouy method using mercury cobalt(II) tetrathiocyanate as a calibrant (c g = 16.44´10 -6 cgs at 20°C). Diamagnetic corrections were made using the Pascal constant.
RESULTS AND DISCUSSION
The analytical data (Table 1) reveal that the mixed-ligand complexes possess the general stoichiometry M(L)(A)(H 2 O). All the mixed-ligand complexes obtained in this study were colored, insoluble in chloroform, methanol, ethanol, and DMF, and soluble in DMSO. The formation of the mixedligand complexes proceeds according to the following reaction:
TG analysis. Thermoanalytical measurements were performed in the 50 -800°C temperature range. The TG curves showed that the thermal decomposition of the synthesized mixed-ligand complexes takes place in two steps. The complexes are stable up to 140 -150°C. Above this temperature, the complexes dissociate with the loss of one molecule of coordinated water [9] . In the second step of decomposition that takes place in the temperature interval from 180 to 800°C, the ligand molecules are lost. The final decomposition products in all cases are metal oxides. These results are in good agreement with the established composition of the mixed-ligand complexes. IR spectra. Preliminary identification of the mixed-ligand complexes was based on their IR absorption spectra. A comparison of the IR spectra of free ligands to those of their mixed-ligand complexes revealed a substantial shift in the n(C=N) frequency. The decrease in the C=N bond stretching frequencies was attributed to the coordination of ligands with metal ions via the azomethine nitrogen atom [10] . The presence of a sharp band in the region of 525 -535 cm -1 in the spectra of all mixed-ligand complexes can be assigned to n(M-N), which confirms the involvement of nitrogen in the coordination [11] . The bands observed in the regions of 3200 -3300, 1280 -1290, 880 -850, and 730 -700 cm -1 are attributed to OH stretching, banding, rocking, and wagging vibrations, respectively, due to the presence of water molecules [12] . The n(O-H) band, which was originally observed in the spectrum of potassium salt of salicylidene-b-alanine (KHL) disappeared upon complexation, thus indicating deprotonation of the phenolic hydroxy group and coordination of the phenolic oxygen to the metal ion [13] . This is further supported by a~10 -20 cm -1 shift toward higher values observed for the stretching frequency of phenolic C -O bonds. The asymmetric and symmetric stretching frequencies of carboxylate ions in the Schiff base were observed at 1595 and 1400 cm -1 respectively. In the spectra of mixed-ligand complexes, these bands are shifted to lower frequencies: 1580 and 1385 cm -1 , respectively [14] . Sharp bands observed in the regions of 750 -780 and 1525 -1535 cm -1 are due to n(C-H) and n(C=C) of aromatic rings, respectively. In the low-frequency region, the bands observed at~460 -470 cm -1 are attributed to n(M-O phenolic ) [15] and those at~415 -420 cm -1 , to n(M-O carboxy ) [16] . Magnetic moments and electronic spectra. Information regarding the geometry of the mixed-ligand complexes is obtained from their electronic absorption spectra and magnetic data. The mixed-ligand complex of Ni(II) shows three absorption bands (~10,200,~18,000 and~24,150 cm -1 ), which may be due to the 3 A 2g (F) ® 3 T 2g (F) (n 1 ), 3 A 2g (F) ® 3 T 1g (F) (n 2 ) and 3 A 2g (F) ® 3 T 1g (P) (n 3 ) transitions, respectively, in the octahedral field of Ni(II) ion [17] . The magnetic moment of the Ni(II) complex is 2.96 Bohr magnetons (B. M.), which is typical of the range expected for hexacoordinated Ni(II) ions.
The mixed-ligand complex of Co(II) shows the bands at 9,200 cm -1 (n 1 ),~17,900 cm -1 (n 1 ) and~19,200 cm -1 (n 3 ), which may be assigned to the 4 T 1g (F) ® 4 T 2g (F), 4 T 1g (F) ® 4 A 2g (F) and 4 T 1g (F) ® 4 T 1 g(P) transitions, respectively, expected for an octahedral structure [18] . The magnetic moment of the mixed-ligand complex of Co(II) is 4.07 B. M., which is higher than the expected value (3.87 B. M.). This increase may be due to the incomplete quenching of the orbital magnetic moment by the surrounding ligands and suggests an octahedral geometry around the Co(II) ion.
The electronic absorption spectrum of the Mn(II) complex exhibits three weak absorption bands (~15,100,~19,400 and~24,700 cm -1 ), which may be assigned to the 6 A 1g ® 4 T 1g (n 1 ), 6 A 1g ® 4 T 2 g (n 2 ) and 6 A 1g ® 4 A 1g , 4 Eg (n 3 ) transitions, respectively, in the octahedral field of Mn(II) ion [19] . The magnetic moment of the Mn(II) mixed-ligand complex is 6.05 B. M., which is within the limits of the spin-free value for five unpaired electrons indicating that the complex is high-spin d 5 -system with an octahedral structure. The electronic spectra of the Cu(II) complex exhibits one band at~15,400 cm -1 , which may be assigned to the 2 Eg ® 2 T 2g transition in an octahedral geometry [20] . The magnetic moment of the Cu(II) complex is observed at 1.98 B. M., which corresponds to a single unpaired electron with a very slight orbital contribution and suggests an octahedral geometry around the Cu(II) ion. The Zn(II) and Cd(II) complexes are diamagnetic as expected for d 10 system. The structure of the mixed-ligand complexes of transition metals is shown in Fig. 2 .
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EXPERIMENTAL BIOLOGICAL PART
Fungal species were isolated by the dilution plate technique [21] using a series of dilution tubes containing 9 ml of sterile distilled water. A 1.0 g sample of soil was placed in a dilution tube and the content was agitated for 15 min. Serial dilutions were prepared and 0.1 ml samples of the final three dilutions were inoculated on potato dextrose agar plates and spread with sterile spreader. The plates were incubated at 30°C. Each dilution should result in 40 to 60 colonies. After incubation, the grown of fungal species was characterized by colony evaluation and microscopic examination techniques. Selected and isolated fungi were maintained on potato dextrose agar plates at 4°C for subsequent experimental work.
Antifungal activity. Mixed-ligand complexes have proved to be more fungitoxic than the initial organic compounds (ligands). It was reported that the chelation of compounds can be responsible to a large extent for the antifungal activity. The antifungal properties of the solvent (DMSO), reference fungicides (bavistin and emcarb), ligands, metal nitrates, and the corresponding mixed-ligand complexes were evaluated by the plate poison technique [22] . For these tests, solutions of desired concentration (500 mg/ml) were prepared by dissolving 50 mg of each compound in DMSO and introduced into potato dextrose agar (PDA) medium in 90-mm sterile Petri dishes triply replicated for each treatment. Potato dextrose agar only with DMSO served as control. Each plate was inoculated with a 5 mm diameter mycelial disc taken from 7-day-old culture raised on PDA. The inoculated plates were incubated at 27°C. After 72-h incubation, the growth zone diameter relative to that in the control (DMSO) and percentage inhibition were calculated. The test fungi included A. niger, F. oxysporum, and A. flavus strains. The results of biological tests are presented in Table 2 .
The results show that the mixed-ligand complexes are more toxic than their parent ligands and the corresponding metal nitrates tested against the same microorganisms under identical experimental conditions. The increase in antifungal activity of the mixed-ligand complexes may be due to the effect of the metal ion on the normal cell process. The possible modes of toxicity increase can be considered in terms of the Overtone concept [23] and the Tweedy theory of chelation [24] . According to the Overtone concept of cell permeability, a lipid membrane that surrounds the cell favors the passage of only lipid-soluble materials. Therefore, liposolubility is an important factor which controls the antifungal activity. On chelation, the polarity of a metal ion will be reduced to a greater extent due to an overlap with the ligand orbitals and a partial sharing of the positive charge of the metal ion with donor groups. Moreover, the delocalization of p electrons increases over the whole chelate ring, which additionally enhances the lipophilicity of complexes. This increased lipophilicity facilitates penetration of the complexes through lipid membranes and leads to blocking of the metal binding sites in the microbial enzymes. These complexes also disturb the cell respiration process and thus block the synthesis of proteins, thus suppressing further growth of the cells. Furthermore, the mode of action of the complex compounds may involve the formation of hydrogen bonds through azomethine groups with the active centers of cells, which results in interference with the normal cell process [25] . Although there is a significant increase in the antifungal activity of the mixed-ligand complexes as compared to free ligands, metal nitrate and the control (DMSO), the fungicidal effect is still lower than that of the reference fungicides (bavistin and emcarb).
In conclusion, the synthesized mixed-ligand complexes of transition metals with donor Schiff bases (KHL and A) are insoluble in water, methanol, ethanol, chloroform and DMF, soluble in polar organic solvents such as DMSO. The complexes are colored, stable in air, and possess an octahedral geometry. The mixed-ligand complexes of Mn(II), Co(II), Ni(II) and Cu(II) are paramagnetic, while the complexes of Zn(II) and Cd(II) are diamagnetic. The complexes are more fungitoxic than their parent ligands, the toxicity increasing due to the presence of azomethine groups. All the mixed-ligand complexes exhibit moderate activity as compared to the reference fungicides (bavistin and emcarb)
The proposed mixed-ligand complexes may be useful for developing novel fungicides. These complexes can act as fungicide as well as nutrient additives providing trace elements such as Mn(II), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) for the plant growth.
